Introduction {#Sec1}
============

Osteoporosis is a systemic skeletal disease characterized by micro-architectural deterioration of bone with resultant low bone mass, bone fragility, and increased fracture risk \[[@CR1]\]. Osteoporosis-related fractures, which most commonly occur at the hip, spine, and wrist, may be followed by full recovery or by chronic pain, disability, and death \[[@CR1]\].

Osteoporosis is most prevalent in middle-aged and elderly adults, and currently affects approximately 10 million individuals in the USA \[[@CR2]\]. It is estimated that up to 50 % of women and 25 % of men over the age of 50 years will experience an osteoporotic fracture in their remaining lifetime \[[@CR2]\].

The effects of osteoporotic fracture on morbidity and mortality are significant. In a retrospective US Medicare claims database analysis of over 97,000 patients with vertebral compression fractures, the hazard ratio for mortality vs. control patients was 1.83 (95 % confidence interval \[CI\], 1.80--1.86) \[[@CR3]\]. Similarly, the prospective US Study of Osteoporotic Fractures found that, compared with women without vertebral fracture, women with ≥1 vertebral fracture had a 1.23-fold greater age-adjusted mortality rate (95 % CI, 1.10--1.37) \[[@CR4]\]. Mortality increased with the number of vertebral fractures, rising from 19 per 1,000 woman-years in those without fractures to 44 per 1,000 woman-years in those with ≥5 fractures (*p* for trend \<0.001).

Osteoporotic fracture-associated morbidity may impact on patients in several ways, including impaired physical functioning, disability, depression, social isolation, pain, loss of independence, and decreased quality of life \[[@CR5]--[@CR7]\]. Many such consequences can be measured using an appropriate specific patient-reported outcome (PRO) instrument.

The Osteoporosis Assessment Questionnaire (OPAQ) versions 1.0, 2.0, and short version are validated, reliable PRO measures used extensively in clinical trials to assess patient outcomes in individuals with osteoporosis \[[@CR8]--[@CR14]\]. The instruments were developed as disease-targeted questionnaires that would discriminate between postmenopausal women with and without osteoporotic fracture \[[@CR11]\], and were also intended to be used as evaluative instruments in clinical trials \[[@CR11]\].

The OPAQ v.1.0 contained 84 questions in 18 domains and four dimensions (physical function, emotional status, symptoms, and social interactions), plus 18 questions measuring satisfaction with each of the domains \[[@CR11]\]. In 2000, Silverman modified the OPAQ and created v.2.0, a 14-domain, 60-item questionnaire that retained the same four dimensions as v.1.0 \[[@CR11]\]. Our aim was to create a short, osteoporosis-targeted instrument, based on OPAQ v.2.0 and known as OPAQ---Physical Function (OPAQ-PF), which could be used in clinical trials to evaluate the impact of new osteoporosis treatments on patients' outcomes. Initially, we sought to develop a measure of the impact of osteoporosis on the dimensions of physical functioning, fear of falling, independence, and symptoms. However, this objective was re-evaluated and modified based on the interim results, and the instrument was refocused on physical function only. This paper describes the development of OPAQ-PF.

Methods {#Sec2}
=======

The study was conducted in two phases.

Phase 1: item elimination {#Sec3}
-------------------------

Phase 1 consisted of a post hoc analysis of data generated when the 60-item OPAQ v.2.0 was administered, at the study baseline visit, to 1,478 patients enrolled in the Multiple Outcomes of Raloxifene Evaluation (MORE) trial \[[@CR15]\]. This phase 3, multicenter, double-blind, placebo-controlled, randomized clinical trial enrolled ambulatory, postmenopausal women aged ≤80 years with a diagnosis of osteoporosis (defined as the presence of vertebral fractures or a femoral neck or vertebral spine T-score of ≤−2.5) \[[@CR15]\].

Each of the 60 items was analyzed using item response theory (IRT) methodology. First, exploratory factor analysis was used to confirm unidimensionality of each of the 14 domains independently. For each domain, a scree plot was used to determine whether only one construct was being measured in MORE clinical trial population.

Next, two sets of graphs (item characteristic curves \[ICCs\] and item information curves \[IICs\]) were generated to demonstrate how well items reflected the concept being measured, to provide graphical representations of the floor and ceiling effects of patient responses to each item, and to act as a focus for discussing the clinical relevance of the measured concepts (data not shown). The ICCs were used to assess each item's ability to discriminate across the continuum of the underlying construct experienced by patients. The extent to which each item was related to the underlying construct, and the range over which the item could distinguish responses, were determined using the IICs. Analyses were conducted using Mplus (Muthén and Muthén, Los Angeles, CA, USA) statistical software. More information on IRT methodology can be found in the article by Edelen and Reeve \[[@CR16]\].

Items and responses were modified or subdivided, if necessary, and new items and responses could be added. Criteria for retaining items included: good IRT item performance (based on visual assessment of ICCs and IICs); good discrimination within a wide range of the construct; clinical relevance as assessed by two of the authors (SS, DTG); and construct relevance. The aim of this study phase was to identify items that performed well according to IRT criteria, and to use IRT results as a major factor in reducing the initial set of 60 items to one more closely focused on physical function (a dimension including mobility, physical positions, and transfers), fear of falling, independence, and symptoms, and amenable to qualitative investigation based on concept elicitation and cognitive debriefing interviews with osteoporosis patients.

Phase 2: qualitative research {#Sec4}
-----------------------------

Phase 2 comprised a cross-sectional, iterative, qualitative investigation to determine the impact of osteoporosis on patients' lives, to evaluate the suitability of the interim version of OPAQ generated in phase 1 as an endpoint in clinical trials, and to clarify the conceptual focus of the final instrument. This involved conducting concept elicitation and cognitive debriefing interviews on the interim version of the OPAQ. Interviews were conducted in 2010 and 2011 according to a semi-structured guide. This study phase was conducted in two discrete stages ('first stage' and 'second stage'), each with a separate recruitment process. Substantial modifications were made to the instrument between these stages so that it focused solely on physical function in the second stage.

Interviews were audio-recorded and transcribed to facilitate data analysis. Methodology and analyses were in line with the US Food and Drug Administration (FDA)'s guidance on PRO instrument development and modification, and recent International Society for Pharmacoeconomics and Outcomes Research (ISPOR) recommendations \[[@CR17]--[@CR19]\]. Demographic and interview data are reported separately for the two stages of this phase.

### Study population {#Sec5}

Participants were recruited through three clinical sites in the USA. Full Institutional Review Board (IRB) approval was obtained from the Western IRB, Olympia, Washington, USA (first stage), and the Independent IRB, Plantation, Florida, USA (second stage), prior to patient recruitment.

Inclusion criteria were: female gender, ≥50 years of age, ambulatory (able to walk with or without assistance), and diagnosis of osteoporosis at least 1 year previously. The final study population included patients with osteoporosis of differing degrees of severity (who were therefore at different levels of fracture risk), and patients who had, and had not, experienced an osteoporosis-related fracture. Patients were allocated by a clinician to one of three diversity groups, according to the following inclusion criteria:Diversity group 1: (T-score between −1.0 and −2.5 at the femoral neck or spine and 10-year probability of hip fracture ≥3 %) or 10-year probability of major osteoporosis-related fracture ≥20 %.Fracture probabilities were based on the World Health Organization's 'FRAX®' algorithm, which estimates 10-year probabilities of hip fracture and major osteoporotic fracture (defined as clinical vertebral, hip, forearm, or proximal humerus fracture) based on the patient's femoral neck bone mineral density and clinical risk factors \[[@CR1]\].Diversity group 2: T-score ≤ −2.5 and fragility fracture of the usual osteoporosis fracture sites (e.g., spine, wrist, hip, rib, or pelvis) in the past 12 months, as determined by the attending physician.Diversity group 3: T-score ≤ −2.5 and fragility fracture of the usual osteoporosis fracture sites (e.g., spine, wrist, hip, rib, or pelvis) \>12 months previously.

The study protocol mandated the exclusion of patients with comorbid conditions that would affect their ability to differentiate any symptoms and impacts of osteoporosis from symptoms/impacts of other conditions. No patient participated in both stages.

Demographic and medical history data were provided on structured forms completed by the patient or clinical site staff and were summarized using descriptive statistics.

### Interviews: concept elicitation {#Sec6}

Interviews commenced after patients had provided written informed consent. Semi-structured, qualitative, one-on-one concept elicitation interviews involved the interviewer asking each participant questions about osteoporosis-related symptoms and impacts that were important to them. Patients were excluded from the analysis if they were unable to differentiate between osteoporosis and comorbid conditions as the cause of symptoms or impacts throughout the discussion. Patients who could discuss symptoms/impacts of osteoporosis specifically at some point in the interview were retained in the full analysis, but any symptoms/impacts that they had difficulty in attributing specifically to osteoporosis were excluded. Issues related to OPAQ dimensions/domains of interest gathered during these interviews provided evidence for content validity of the new instrument.

The resulting data were analyzed using a thematic analysis approach \[[@CR20]\]. This involved reading and re-reading the data to identify themes and categories that centered on particular phrases, incidents, and types of behavior, in line with concepts and themes outlined in the interview guide. The codes used were captured in a codebook and in an evidence-based coding frame that were continuously updated as new categories and codes emerged. As each interview transcript was analyzed, the number of new codes generated by that transcript was recorded and used to determine saturation (the point at which no new categories, concepts, dimensions, or incidents emerged during the theory development process) \[[@CR21]\]. Qualitative data analysis was assisted by using ATLAS.ti software version 5.7.1 (Cleverbridge, Chicago, IL, USA).

### Interviews: cognitive debriefing {#Sec7}

Following concept elicitation, participants were asked to complete the interim version of the OPAQ. The interviewer then asked participants for their thoughts and opinions on the general design of the instrument, item semantics, applicability and interpretation, response options, and recall period. Analysis of cognitive debriefing interviews was conducted on an overall questionnaire basis and on an item-by-item basis \[[@CR22]\], with the goal of evaluating and improving the instrument's content validity. This included identifying items that presented cognitive challenges.

The questionnaire remained open to modification throughout the debriefing process. New items were added, redundant items removed, and minor changes made to the introduction, item wording, response options, and layout.

Results {#Sec8}
=======

Phase 1 {#Sec9}
-------

Unidimensionality was confirmed for each domain of the OPAQ v.2.0. Information generated by the ICCs and IICs (available from the corresponding author) was used in conjunction with expert opinion (SS and DTG are both globally renowned key thought leaders on quality of life issues and measurement in osteoporosis) to make decisions regarding item deletion, retention, modification, or subdivision (e.g., "How often did you have trouble either walking one block or climbing one flight of stairs?" was divided into two questions: "How often did you have trouble walking one block?" and "How often did you have trouble climbing stairs or steps?"). Items were included in the interim version of OPAQ only if deemed relevant to the overall concepts of physical function, fear of falling, independence, and symptoms that were the original intended focus of the final questionnaire. The primary reason for item retention was good endorsement of the concept by IRT curves. However, some items that measured a clinically important aspect of the underlying construct were retained based on expert opinion, even if their ICCs and IICs did not show well-distributed responses. Slight modifications to the wording of items and responses were based solely on expert opinion.

The resulting interim version of OPAQ contained 21 items in six domains: walking and bending (six items); sitting and standing (three items); transfers (four items); back ache and pain (two items); fear of falling (three items); and independence (three items). Slight modifications to item wording and response option content (e.g., 'very often' changed to 'often', and 'almost never' changed to 'seldom') were necessary to focus concepts on domains of interest, to improve clinical relevance, and to describe concepts as depicted by patients per expert opinion. Resulting response formats were: 'all days', 'most days', 'some days', 'few days', 'no days' for 15 questions, and 'always', 'often', 'sometimes', 'seldom', 'never' for the remaining six questions.

Phase 2 {#Sec10}
-------

This phase involved analysis of concept elicitation and cognitive debriefing data from 32 patients (first stage, 14 patients; second stage, 18 patients). All patients were receiving at least one prescription or non-prescription treatment for osteoporosis. Non-prescription treatments included calcium and vitamin D supplements.

### First stage: patient demographics {#Sec11}

Twenty-one patients (eight in diversity group 1, five in group 2, and eight in group 3) were recruited for the first stage of phase 2. However, data from seven of these participants were excluded from the analysis because of poor mastery of English (*n* = 1) or because they were unable to distinguish the symptoms and impacts of osteoporosis from those of other comorbid conditions (*n* = 6). These seven patients were white, with a mean (±standard deviation \[SD\]) age of 77.1 ± 10.2 years and a mean disease duration of 9.7 ± 7.9 years.

Demographic data for the 14 remaining patients (seven in diversity group 1, four in group 2, three in group 3) are shown in Table [1](#Tab1){ref-type="table"}. This cohort was predominantly white (86 %) and had a mean (±SD) age of 68.0 ± 11.3 years and a mean disease duration of 5.9 ± 5.3 years. Seven patients were recruited at each of the two clinical sites. In total, 14 fractures had been sustained by ten of the 14 patients. Five of these fractures affected the spine. Remaining fractures were distributed among hip (*n* = 2), wrist (*n* = 1), shoulder (*n* = 1), ribs (*n* = 2), femur (*n* = 1), and foot/toe (*n* = 2). It proved impossible to recruit patients who were free of comorbid conditions that might be associated with fatigue, poor sleep, pain, or limited mobility, and comorbid conditions affecting these patients included Parkinson's disease, polymyalgia rheumatica, breast cancer, hyperlipidemia, osteoarthritis, rheumatoid arthritis, and diabetes.Table 1Participant characteristics, phase 2 (qualitative research)CharacteristicFirst stage (*n* = 14)Second stage (*n* = 18)Age (years; mean ± SD)68.0 ± 11.370.0 ± 9.2Ethnicity (*n* \[%\]) White12 (85.7)15 (83.3) Black/African American1 (7.1)0 Asian1 (7.1)0 Hispanic/Latino01 (5.6) Middle Eastern01 (5.6) Mixed01 (5.6)Main activity (*n* \[%\]) Employed full time2 (14.3)4 (22.2) Employed part time02 (11.1) Self-employed1 (7.1)0 Looking after home4 (28.6)2 (11.1) Retired5 (35.7)8 (44.4) Disabled2 (14.3)2 (11.1)Disease duration (years; mean ± SD)5.9 ± 5.36.0 ± 4.1Diversity group (*n* \[%\]) Group 17 (50.0)8 (44.4) Group 24 (28.6)5 (27.8) Group 33 (21.4)5 (27.8)T-score Total hip (median \[range\])−2.2 (−3.3 to −0.7)−2.3 (−3.1 to −1.1) Femoral neck (median \[range\])−2.5 (−3.8 to −0.7)−2.6 (−3.3 to −1.0) Lumbar spine (median \[range\])−2.2 (−3.7 to −0.4)−2.1 (−3.9 to −0.6)Fracture site (number of fractures) Hip25 Spine53 Wrist11 Ankle01 Distal forearm01 Shoulder10 Humerus02 Ribs21 Pelvis01 Femur10 Foot/toe21*SD* standard deviation

### First stage: concept elicitation {#Sec12}

In this part of the interview, participants were asked about: (1) impacts osteoporosis had on their lives; (2) activities they were able/unable to do or avoided; and (3) any symptoms of which they were aware. The interviews therefore had a broader focus than the content of the instrument administered at that stage. We report here only the findings of relevance to the content of the final version of OPAQ-PF.

Relevant concept elicitation data from the first stage interviews are presented in conjunction with concept elicitation data from the second stage interviews in Table [2](#Tab2){ref-type="table"}, and described in the section titled "[Second stage: concept elicitation](#Sec15){ref-type="sec"}". In the first stage of phase 2, no new codes were added after the 12th concept elicitation interview, demonstrating that data saturation was achieved.Table 2Support for OPAQ-PF from concept elicitation dataDomain/item no.Item wordingSupport from concept elicitation dataMobilityRelevant to all mobility domain items:\
1.Walking to do your daily chores or errands (e.g., grocery shopping, taking out garbage, housework, going to post office, walking the dog)?\
2.Walking unaided so you can do your day-to-day activities?\
3.Carrying objects in order to perform your day-to-day activities (e.g., a bag of groceries, a bag of garbage)?\
4.Walking one block?\
5.Climbing one flight of stairs or steps?-Household activities and walking identified as a cause of pain.\
-Pain reported as affecting usual activities inside and outside the home.\
-Fractures as a result of osteoporosis can affect the ability to walk unaided and to complete daily activities unaided. Participants reported being unable to complete/needing help completing basic activities and self-care activities, even after the fracture had healed.\
-Large number of mobility problems reported, including needing to walk with a cane, walking more slowly. Particularly relevant after a fracture.\
-16 of the 32 analyzed participants reported problems walking.\
-Avoiding or limiting the time spent walking as a result of pain.3.Carrying objects in order to perform your day-to-day activities (e.g., a bag of groceries, a bag of garbage)?-Reported losing balance when getting things out of a closet or carrying things.\
-A few participants reported being given a weight restriction by their doctors.\
-Avoiding or limiting the time spent on carrying objects as a result of pain.5.Climbing one flight of stairs or steps?-Managing stairs a lot more difficult because of a combination of not being able to walk quickly, being off-balance, and/or feeling weak.Physical positionsRelevant to all physical positions domain items:\
6.Bending or stooping to do your daily chores or errands (e.g., grocery shopping, taking out garbage, housework, going to post office, walking the dog)?\
7.Lifting objects in order to perform your day-to-day activities (e.g., a bag of groceries, a bag of garbage)?\
8.Reaching overhead in order to perform your day-to-day activities?\
9.Picking things up from the floor?\
10. Standing as much as you needed to in order to perform your day-to-day activities?\
11. Sitting as much as you needed to in order to perform your day-to-day activities?-Extending/stretching/leaning forward identified as a cause of pain.\
-Pain reported as affecting usual activities inside and outside the home.\
Fractures as a result of osteoporosis can affect the ability to walk unaided and to complete daily activities unaided. Participants reported being unable to complete/needing help completingbasic activities and self-care activities, even after the fracture had healed.6.Bending or stooping to do your daily chores or errands (e.g., grocery shopping, taking out garbage, housework, going to post office, walking the dog)?-7 of the 32 analyzed participants reported problems bending down towards the floor.7.Lifting objects in order to perform your day-to-day activities (e.g., a bag of groceries, a bag of garbage)?-9 of the 32 analyzed participants reported problems lifting.\
-Ability to lift sometimes limited as a result of lack of strength or fear of injury.8.Reaching overhead in order to perform your day-to-day activities?-6 of the 32 analyzed participants reported problems reaching.9.Picking things up from the floor?-7 of the 32 analyzed participants reported problems bending down towards the floor.10.Standing as much as you needed to in order to perform your day-to-day activities?-Stiffness occurring if the patient is in one position for too long.\
-Avoiding or limiting the time spent standing as a result of pain.11.Sitting as much as you needed to in order to perform your day-to-day activities?-Sitting for too long identified as a cause of pain.\
-8 of the 32 analyzed participants reported problems sitting.\
-Avoiding or limiting the time spent sitting as a result of pain.\
-Stiffness occurring if the patient is in one position for too long.TransfersRelevant to all transfers domain items:\
12. Getting in or out of bed?\
13. Getting in or out of a chair?\
14. Getting on or off the toilet?\
15. Getting in or out of cars on your own?-Pain reported as affecting usual activities inside and outside the home.\
-Fractures as a result of osteoporosis can affect the ability to walk unaided and to complete daily activities unaided. Participants reported being unable to complete/needing help completing basic activities and self-care activities, even after the fracture had healed.\
-11 of the 32 analyzed participants reported problems getting up.

### First stage: cognitive debriefing {#Sec13}

Cognitive debriefing data showed that the interim version of OPAQ was well received but that a number of modifications were required. These included: (1) moving from a frequency response format to a severity response format; (2) making the introduction more informative and less likely to be overlooked; (3) adding a stem to the questionnaire to ensure participants responded specifically according to their osteoporosis and not another comorbid condition; (4) removing groups of items that did not yield information regarding the impact of osteoporosis on physical function; (5) improving item wording; (6) subdividing items that asked about more than one issue (e.g., bending, lifting, and stooping); (7) adding new items identified as being of importance to osteoporosis patients; and (8) removing items considered irrelevant to osteoporosis patients. All modifications were tracked in an item-tracking matrix.

The change in response option format was introduced because some participants found it difficult to determine how best to respond when the recall period was limited to 7 days and the options were limited to the two sets of responses that were used in the interim version of OPAQ. As a result of this feedback, later interviews discussed the possibility of moving from a frequency response set to a severity-focused response set. Participants generally felt that a severity response format would be more appropriate.

Following completion of the first-stage cognitive debriefing interviews, the research team decided to focus the content of OPAQ-PF on physical function as a measure of the impact of osteoporosis, concentrating on the domains of mobility (walking, carrying, and climbing), physical positions (bending, reaching, picking up, standing, and sitting), and transfers (getting in and out of bed, chairs, and vehicles, and on and off the toilet). This led to the removal of items addressing fear of falling, independence, and symptoms. As a result, the instrument generated at the end of the first stage of phase 2 had 16 items in three domains (mobility, physical positions, and transfers) and included a five-point scale that was used throughout the questionnaire: 'no difficulty'; 'a little difficulty'; 'some difficulty'; 'a lot of difficulty'; and 'severe difficulty'. This instrument was used in the second stage of phase 2.

### Second stage: patient demographics {#Sec14}

Demographic data for the 18 participants (eight in diversity group 1, five in group 2, and five in group 3) recruited for this stage of the study are shown in Table [1](#Tab1){ref-type="table"}. As in the first stage, this cohort was predominantly white (83 %), with a mean (±SD) age of 70.0 ± 9.2 years and a mean disease duration of 6.0 ± 4.1 years.

Twelve of the 18 patients had sustained a total of 16 fractures. The predominant fracture site in this cohort was the hip (*n* = 5). The remaining fractures were distributed among spine (*n* = 3), wrist (*n* = 1), ankle (*n* = 1), distal forearm (*n* = 1), humerus (*n* = 2), ribs (*n* = 1), pelvis (*n* = 1), and foot/toe (*n* = 1). Comorbid conditions included osteoarthritis, inflammatory arthritis, rheumatoid arthritis, diabetes, hypercholesterolemia, asthma, chronic obstructive pulmonary disease, hypertension, and restless legs syndrome.

### Second stage: concept elicitation {#Sec15}

In the second stage of phase 2, saturation was achieved after the 13th concept elicitation interview. Concept elicitation data supporting the final version of OPAQ-PF are summarized in Table [2](#Tab2){ref-type="table"}. First- and second-stage interview data are presented together. The results demonstrate widespread support for all items in the domains of mobility, physical positions, and transfers.

### Second stage: cognitive debriefing {#Sec16}

Cognitive debriefing results obtained in the first stage of phase 2 reflect participants' thoughts regarding the design of the questionnaire, the language used, its applicability, the ease with which the instructions could be interpreted, response options, and the recall period. The questionnaire underwent further iterative modifications during the second stage of phase 2 as a result of participants' feedback. These modifications included removing one item, re-wording of items, and the addition of examples for clarification. As in the first stage of phase 2, all modifications were tracked in an item-tracking matrix.

Participants in the cognitive debriefing interviews thought the length of the questionnaire was good. However, the overall response to the questionnaire was mixed, some participants rating it as very good and others expressing concerns. Examples of concerns included: questionnaire not sufficiently 'in-depth'; some aspects of questionnaire being ambiguous; some items appearing at first glance to ask the same thing. In general, however, the cognitive debriefing results showed that the modifications made to the interim version of OPAQ during the first stage of phase 2 represented an improvement. The change to a severity format was generally preferred and items in the 'mobility' and 'physical positions' domains performed well following modification during the course of the interviews. However, items in the 'transfers' domain attracted some criticism from patients, several participants expressing concerns about the relevance of some items for all osteoporosis patients (e.g., getting in and out of bed). One participant commented that there should be an 'unable to do' response option and several participants commented during the concept elicitation interviews that they avoided certain activities. As a result, the response option 'completely avoided doing this' was added to the instrument.

The final changes made to the OPAQ resulted in an instrument with 15 items in three domains (mobility, physical positions, and transfers), and a single six-point response scale for each item ('no difficulty'; 'a little difficulty'; 'some difficulty'; 'moderate difficulty'; 'severe difficulty'; and 'completely avoided doing this') (Table [3](#Tab3){ref-type="table"}).Table 3Osteoporosis Assessment Questionnaire-Physical Function (OPAQ-PF)MobilityWalking to do daily chores or errandsWalking unaided so day-to-day activities can be carried outCarrying objects in order to perform day-to-day activitiesWalking one blockClimbing one flight of stairs or stepsPhysical positionsBending or stooping to do daily chores or errandsLifting objects in order to perform day-to-day activitiesReaching overhead in order to perform day-to-day activitiesPicking things up from the floorStanding as much as needed in order to perform day-to-day activitiesSitting as much as needed in order to perform day-to-day activitiesTransfersGetting in or out of bedGetting in or out of a chairGetting on or off the toiletGetting in or out of cars unaidedThe questionnaire asked participants to evaluate the impact of osteoporosis on their ability to perform day-to-day activities during the previous 7 days using a 6-point severity response scale: 'no difficulty'; 'a little difficulty'; 'some difficulty'; 'moderate difficulty'; 'severe difficulty'; 'completely avoided doing this'. The 15 items were presented in three domains (mobility, physical positions, and transfers) as shown above

Discussion {#Sec17}
==========

This report summarizes the two-phase, iterative process by which OPAQ v.2.0 was modified into a short questionnaire (OPAQ-PF) focusing specifically on the impacts of osteoporosis on physical function. Although health-related quality of life (HRQoL) has traditionally been measured in interventional research for osteoporosis to evaluate health status and economic value, this new instrument represents a useful advance in osteoporosis research as clinicians and researchers now have a concise tool that focuses exclusively on mobility, physical conditions, and transfers in individuals with osteoporosis both before and after a fracture event. The measurement of HRQoL provides important information on the health impact of osteoporosis including subcomponents of physical functioning; however, HRQoL and the dimension of physical functioning are by themselves complex, multi-domain concepts. Generic and/or disease-targeted instruments commonly used in osteoporosis research include the EuroQoL instrument (EQ-5D), SF-36® Health Survey, or Health Utilities Index (HUI), and Quality-of-Life Questionnaire of the European Foundation for Osteoporosis (QUALEFFO), OPAQ, or Osteoporosis Quality-of-Life Questionnaire (OQLQ), respectively \[[@CR23]\]. These instruments would most likely not substantiate claims of treatment benefit for medical product labeling as they may be viewed by regulatory bodies as not adequate for assessing such a broad concept as HRQoL and physical functioning \[[@CR17]\].

FDA guidance states that qualitative techniques may be used to develop and validate a modification of an existing PRO instrument if the modifications involve deletion of portions of the questionnaire or changes to the target patient population, patient instructions, order of items, item wording, response options, or recall period \[[@CR17]\]. The methodology used in this study to confirm the adequacy of OPAQ-PF is consistent with these recommendations, and with those of the ISPOR task force papers \[[@CR17]--[@CR19]\], thereby providing more reliable evidence of the ability of the instrument to substantiate claims of treatment benefit for the specific concept of ability to perform daily activities of physical function.

A number of unforeseen problems arose during the first stage of phase 2; however, the iterative nature of the protocol allowed us to counter these problems during the second stage. One issue was the high prevalence of comorbidity, a common problem in this patient population because osteoporosis typically affects older adults \[[@CR2]\]. Substantial comorbidity prevalence made it difficult for many patients to distinguish between osteoporosis and one of their comorbid conditions as the cause of symptom experiences. It also caused difficulties with data interpretation and necessitated discarding information regarding symptoms or impacts that the patient could not specifically relate to osteoporosis. This led to a more focused attempt to recruit patients without significant comorbidities in the second stage of phase 2. Papers that describe the creation of previous versions of OPAQ do not mention a confounding effect of comorbidity during instrument development \[[@CR11]\]. However, Silverman does note that it is routine during analysis of OPAQ data to adjust for a number of factors, including concomitant medication use, this factor being used as a surrogate marker for comorbidity \[[@CR11]\]. Likewise, data analyses for the OPAQ-PF may need to be adjusted for presence of musculoskeletal or other comorbidities (based on clinical examination or self-report).

Given the focus of previous versions of OPAQ on the ability to detect change in patient outcomes in association with fracture, it was expected that fracture and nonfracture patients would give different responses to the questionnaire. Therefore, we anticipate that the OPAQ-PF will be able to distinguish between these patient groups, and will be well placed to capture the decline of osteoporosis patients as they enter the phase of the disease in which they experience fractures, and related symptoms and impacts. It is also likely that OPAQ-PF will be able to document improvements in patient outcomes associated with fracture healing. This will be further explored through an ongoing psychometric validation study.

This study was subject to a number of limitations. First, content validity of the OPAQ-PF was established in a specific patient population that was exclusively female, predominantly white, and already receiving therapy for osteoporosis. Therefore, validity may not necessarily be assumed for all races/ethnicities, for men, or for untreated individuals. Second, because postmenopausal osteoporosis is largely asymptomatic \[[@CR24]\], OPAQ-PF, in common with all other osteoporosis-specific PRO questionnaires, may provide more useful information when used in a population with a history of fracture than when used in a population without such history. Moreover, assessing women soon after a fracture event may be particularly informative. Recent data collected during the Fracture Reduction Evaluation of Denosumab in Osteoporosis Every 6 Months (FREEDOM) study show that, in women with incident clinical fractures, the largest deterioration in PROs is observed when patients are assessed \<3 months post fracture \[[@CR14]\]. This type of event-prompted assessment may allow researchers to document any differences in postfracture recovery between patients who are receiving therapy and those receiving placebo.

A third limitation of the study is the somewhat historical nature of the data used in the IRT analysis. The data in question were generated during the baseline visit of a 3-year clinical trial (MORE) conducted between 1994 and 1998 \[[@CR15]\]. These data were therefore generated approximately 15 years before the current study was performed, when available therapeutic options were more limited than they are today. Responses to OPAQ provided by patients enrolled in MORE in the 1990s may differ from those of a more contemporary population receiving current treatments for osteoporosis. A further limitation regarding the IRT analysis relates to the criteria used to delete items. Rather than use goodness-of-fit analyses for this purpose (as is commonly done \[[@CR16]\]), we chose to use ICCs and IICs to drive discussion and decisions pertaining to item elimination. However, subsequent use of interview data yielded feedback from patients and was useful in determining whether any relevant concepts were missing from the instrument.

One final point relates to the number of participants interviewed in phase 2 of this study. This number (*n* = 32) might appear to be low, but this is typical of qualitative research. Moreover, the crucial criterion for achieving an acceptable value of '*n*' in this type of research is the demonstration of data saturation having been achieved \[[@CR21]\]. This was the case in both the first and second stages of phase 2.

The version of OPAQ that we have developed represents a useful advance for both researchers and patients. For researchers, a PRO instrument now exists that focuses solely on the mobility, physical position, and transfer aspects of physical function in patients with osteoporosis or low bone mass density. For patients, the small number of items reduces the burden associated with completion of the instrument compared with others that may be used. The use of IRT and qualitative concept elicitation, and cognitive debriefing interviews, combined with the clinical expertise of two of the authors (DTG, SS), resulted in the development of a concise PRO instrument that focuses on the impact of osteoporosis on physical function before and after a fracture event. Content validity of the OPAQ-PF has been established in fracture and nonfracture osteoporosis patients in the USA. We are currently conducting a psychometric validation study using OPAQ-PF to evaluate validity (including the ability of the OPAQ-PF to discriminate between those with fracture vs. those without), reliability, and sensitivity to change. Additionally, due to the comorbidities often seen in patients with osteoporosis that are associated with older age, it may be necessary to adjust for the presence of musculoskeletal or other related comorbidities when conducting analyses of OPAQ-PF data. Further research is needed to confirm the need for statistical adjustments.

Conclusions {#Sec18}
===========

The OPAQ-PF represents a new PRO tool that is uniquely tailored to the assessment of physical function in osteoporosis patients. The cohort used to develop the instrument included patients both with and without a history of fracture, and content validity was established in this patient group. This provides evidence that OPAQ-PF has relevance in a combined fracture/nonfracture population. Once psychometrically validated in a range of osteoporotic patient populations, OPAQ-PF will offer researchers a valid, reliable, and sensitive instrument that will be useful in clinical trials to evaluate pharmacological therapies that aim to reduce fracture risk and promote bone formation following fracture.
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